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Experimental evaluation of geometry-dependent material’s 
fracture resistance using constraint-designed SE(T) specimens 
has proved to be an accurate option to assess the structural 
integrity of pipelines and pressure vessels reducing excessive 
conservatism. In this context, this work presents procedures for 
experimental J-integral and CTOD () evaluation using the eta 
() method applied to tension clamped SE(T) specimens made 
of homogeneous materials and also containing mismatched 
joints. Initially, the conceptual background is presented, 
followed by the description of the refined non-linear finite 
element models developed, which provide the necessary 
evolution of load with increased load-line displacement and 
crack mouth opening displacement. As results, are presented a 
variety of  factors for J –integral and CTOD calculations, 
which are not available in current standardized procedures. The 
main objective is to allow fracture resistance experimental 
evaluation using specimens of different a/W-ratios, material 
flow properties, weld joint configurations and levels of weld 
strength mismatch. The main motivation is the possibility of 
enhancing accuracy of pressure vessels and piping integrity 
assessments, since these later present very close fracture 
conditions if compared to SE(T) specimens. The present results, 
when taken together with previous developments, extend the 
knowledge about the use of clamped SE(T) specimens. The 
reader should enhance the studies about the topic with the 
complimentary paper with the same title beginning but 




Accurate experimental evaluation of material’s fracture 
resistance plays a key role in design, fabrication and failure 
prediction of pressure vessels, pipelines and storage tanks. 
Most available methodologies for structural integrity 
assessment (e.g.: API 579 [1], BS 7910 [2]) are based on 
fracture mechanics theory and rely that a single parameter is 
able to characterize crack-tip driving forces and material’s 
resistance against failure [3]. Under elastic-plastic loading 
conditions, these fracture parameters are usually the J-Integral 
and the Crack Tip Opening Displacement (CTOD, ), which 
differ in its conceptual basis (J is an energy release rate, while 
CTOD is a geometrical definition based on near-tip stress 
fields), but are univocally related and are equally capable in 
order to describe crack tip driving forces, fracture toughness 
against brittle cleavage fracture (by its critical values – Jc and 
c), or even material’s resistance against ductile tearing and 
crack growth (supporting R-curves evaluation) [3][4]. 
 
The experimental estimation of J and  is based on standardized 
procedures, such as ASTM E1290 [5] and ASTM E1820 [6], 
which employ three-point bend SE(B), compact tension C(T) or 
disk shaped tension DC(T) specimens containing deep, through 
cracks (a/W  0.45) and additional severe geometrical 
restrictions to the sample’s thickness and remaining ligament in 
order to guarantee high levels of stress triaxiality and the 
severity of the defect. The main focus is to provide geometry-
independent data, which guarantee similarity conditions [3] and 
allow structural integrity assessments of structures in general to 
be performed safely. However, for most practical applications, 
these testing conditions generate excessive conservatism levels 
(very low fracture toughness results), which potentially lead to 
premature or unnecessary maintenances/substitutions on 
operating equipments incurring in time and financial demands. 
 
This is exactly the case of pipelines and cylindrical/spherical 
pressure vessels. Several studies from institutions as SINTEF, 
DNV and TWI show that these components present low levels 
of stress triaxiality in the crack region, as a result of the 
predominantly tensile loading (including membrane stresses 





Downloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use
 2 Copyright © 2010 by ASME 
and internal pressure) combined to relatively small thicknesses 
and defect depths (e.g.: inclusions, corrosion defects, cracks in 
welds, lack of penetration, among many others crack-like 
singularities). In these situations, stress and strain fields in the 
near-tip region sharply contrasts to the stress fields found on 
conventional SE(B) and C(T) specimens, providing different 
fracture conditions, as demonstrated by Cravero et. al. [7] and 
Silva et. al. [8]. In view of interest from the petroleum industry 
and the increasing demand for safety, reliability and 
performance of pressurized components, these works applied 
the J-Q [4] methodology to demonstrate that tension SE(T) 
specimens (with thickness and crack relative depth similar to 
the structure) present a much better description of pressurized 
pipelines crack tip stress fields and constraint conditions. This 
happens due to the mechanical similarity of loading conditions 
between the real structures (usually shallow cracked pipelines 
and vessels) and the SE(T) specimens. For validation and 
illustration purposes, a comparison between stress fields and 
plastic zones will be presented. In spite of not characterizing 
geometry-independent fracture toughness data, the use of SE(T) 
specimens provides valid data for pipelines and pressure 
vessels and is of great interest for petroleum industries since it 
avoid inaccurate (pessimistic) failure predictions.  
 
The main practical problem is that the aforementioned 
standards ASTM E1290 [5] and ASTM E1820 [6] do not 
incorporate procedures for SE(T) specimens. Cravero and 
Ruggieri [9] recently developed procedures for J estimation in 
SE(T) specimens applicable to homogeneous materials, which 
are useful both for experimental evaluation of fracture 
toughness (e.g., Jc) and for J–R curves estimation. This effort is 
of great importance for future development of practices and 
standards for testing SE(T) specimens. However, the available 
results are limited to homogeneous specimens and important 
subjects (e.g.:  estimation, use of different geometries and 
testing of mismatched welded joints) remain as potential open 
issues, encouraging the present and further investigations. 
SE(T) specimens can be loaded using pins or clamps, which 
demands different (albeit methodologically similar) procedures. 
For completeness and space respect, this work deeply 
investigates clamped SE(T) specimens and a complimentary 
paper with the same title beginning but involving pin-loaded 
SE(T) specimens is recommended to the reader.  
 
In this context of structural integrity assessments, steel 
weldments (weld metal and heat affected zone - HAZ) 
operating in the ductile-to-brittle transition region, are critical 
and of special interest for pressure vessels, piping systems and 
many others offshore oil structures. Typical welding processes 
(SMAW, SAW, MIG/MAG and also TIG [10]) introduce strong 
thermal cycles in the weld metal and surrounding region, which 
often deteriorate the metallurgical quality, introduce residual 
stresses and potentially lower the fracture toughness [11]. 
Experimental observations consistently reveal the occurrence of 
a variety of crack-like defects in the welded region which are 
either planar (e.g., lack of penetration, undercut) or volumetric 
(e.g., porosity and entrapped slag) [10][11][12] even if good 
workmanship and proper selection of the welding procedure are 
employed. 
 
To reduce the likelihood of structural failure, many current 
fabrication codes (e.g.: API 1104 [13] and SA-Z662-99 [14]) 
require the use of weldments with weld metal strength higher 
than the baseplate strength – a condition referred to as 
overmatching. An evident benefit of this practice is to shield the 
welded region, causing part of the plastic deformation field to 
shift into the lower strength baseplate where the fracture 
resistance is presumably higher and fewer defects occur. 
However, weld strength mismatch may strongly alter the 
relationship between remotely applied loading and crack-tip 
driving forces, including additional difficulties in current 
assessment practices, since altered mechanical resistance, 
fracture toughness and crack initiation and growth conditions 
will occur in the bi-material system. This phenomenon was 
previously studied by Donato and Ruggieri [15] for the case of 
SE(B) specimens and recently by Donato [16] for SE(T) 
clamped specimens. Consequently, accurate estimation 
formulas for crack driving forces estimation which are 
applicable to welded fracture specimens are essential for the 
development of more refined defect assessment procedures 
capable of including effects of mismatch on fracture resistance. 
 
As a step in this direction, this work explores procedures for J –
integral and CTOD experimental estimation including a variety 
of sample and crack geometries, and homogeneous and welded 
specimens containing center cracked welds in various mismatch 
conditions. The methodology is based on the eta () method 
and the clamped configuration is investigated in the present 
work, since this loading scheme follows closely the fracture 
conditions found in longitudinally and axially cracked pipes 
and vessels. In addition, punctual discussions will be performed 
using the EPRI [3] and the Load Separation [4] methods, 
providing additional -factors to support the conclusions. The 
work is based on very refined finite element computations and 
a detailed analysis of plastic zone evolution for homogeneous 
and mismatched cases is also conducted. The results, in 
addition to previous studies, contribute to the expansion of 
current practices for fracture resistance evaluation using SE(T).  
METHODOLOGIES FOR J AND CTOD () ESTIMATION 
 
The most usual methodologies for J-integral estimation are the 
-method and the EPRI method [3]. In both cases, J is based on 
the elastic and plastic contributions to the strain energy for a 
cracked body under Mode I deformation [3] as follows: 
 
plel JJJ +=  .                          (1) 
 
Here, Jel represents the elastic component of J and can, 
consequently, be directly obtained from the stress intensity 
factor (KI) in the form 
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=  ,                     (2) 
 
where 'E  represents the Young Modulus for plane strain 
condition ( )1/(' 2ν−= EE ) [3], P is the applied load, B is the 
specimen thickness (see Figure 1) and W is the specimen width. 
The function )( Waf  defines a nondimensional stress 
intensity factor and can be determined as recently studied by 
Chiodo and Ruggieri [17] in the following form 
 
( ) ( ) ( ) +⋅+⋅+= 2210 WaWaWaf βββ  
( ) ( ) ( )554433 WaWaWa ⋅+⋅+⋅+ βββ   ,           (3) 
 
being iβ  fitting coefficients, which depends on specimen 
relative length (H/W) and are provided by Table 1. 
 
Table 1 – iβ  coefficients for the determination of )( Waf  for 
clamped SE(T) specimens of interest in this work [17]. 
H/W 0β  1β  2β  3β  4β  5β  
4 0.2565 4.4604 -7.0538 18.6928 -19.4703 9.2523 
6 0.2681 4.1916 -4.5098 12.5442 -6.4726 0.7304 
8 0.2852 3.8168 -1.4522 3.5078 9.4071 -7.8491 
10 0.2832 3.8497 -1.4885 4.1716 9.9094 -7.4188 
 
The plastic component Jpl, in its turn, can be differently 
evaluated using the aforementioned methodologies (e.g.: -
method, EPRI method, load separation, among others), but the 
two most used in practice and of great interest in the present 
work will be presented next. 
 
The eta () method 
 
The eta method follows proposals from Sumpter and Turner 
[18] and evaluate Jpl 
from the plastic area under the load-








 ,                        (4) 
 
where a  represents crack length, Apl-i 
represents the plastic 
area under the load vs. displacement curve and factor iJ −η  
represents a nondimensional parameter which describes the 
effect of plastic strain energy on the applied Jpl. In the latter 
two cases, i=CMOD (V) or i=LLD (), depending on the 
displacement to be used for the computations [19]. 
Consequently, different η  factors emerge ( VJ−η  and ∆−Jη ), 
which present different character and values, but serve equally 
to determine Jpl from laboratory measurements of load-
displacement records. The previous definition for Jpl derives 
from the assumption of nonlinear elastic material response 
thereby providing a deformation plasticity quantity. Figure 1(b) 
illustrates the procedure to determine the plastic area to 
calculate J  from a typical load-displacement curve. 
 
                 (a)                                                  (b) 
Figure 1 – (a) Main dimensions and load scheme of the clamped SE(T) welded specimens and (b) illustrative load vs. 
displacement curve obtained from testing. 
 
Following the previous energy release rate interpretation of the 
J-integral and using the connection between J and  [3], a 
similar approach also applies when the CTOD is adopted to 
characterize the material’s fracture resistance. This approach, 
proposed by Kirk and Wang [20] and Kirk and Dodds [21] and 
currently adopted by ASTM E1290 [5] and ASTM E1820 [6], is 
based on the proportional effect of plastic strain energy on the 

























22 11 ,  (5) 
 
where ( ) 2/utsysflow σσσ +=  and m is a proportionality 
coefficient dependent on stress state and material properties 
[20], which will be investigated in the sequence. In the present 
investigation, excellent proportionality was found between J 
and  for SE(T) specimens under plane strain conditions (even 
well above the deformation limit), as will be addressed in the 
next sections. 
 
Most available standards for conventional SE(B) and C(T) 
fracture testing (e.g.: ASTM E1290 [5] and ASTM E1820 [6]) 
apply eta methodology. However, eta-factors for SE(T) fracture 
specimens are unavailable in current standards and its 
computation is of great interest, mainly for  estimation and 
varying geometries made of homogeneous and dissimilar 
materials, such as welded crack configurations. These results 
are relatively straightforward and will be derived from plane-
strain analyses as described in the next sections. 
 
The EPRI method 
 
The EPRI method was proposed in 1976 by Shih and 
Hutchinson [22], and published in 1981 in the USA by the 
“Electric Power Research Institute – EPRI”. Applying the 
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field for J, dimensional analysis indicates that Jpl for tensile 





















J σεα   .             (6) 
 
Here, 0σ  and 0ε  represent reference stress and strain (usually 
taken at yielding – 0,2% offset), n is the hardening exponent, 
=1, P0 denotes the limit load and h1 represents a dimensionless 
factor dependent on geometry and hardening [4]. The 
estimation of these h1 factors when taken together with 
solutions for pl∆  allows alternative ∆−Jη  factors estimation, as 
shown in [3]. Details of this method and also of a third one (the 
load separation method) can be found in [3][4] and will not be 
addressed in details here in interest of space. 
NUMERICAL PROCEDURES 
 
Detailed finite element analyses are performed on plane-strain 
models for a wide range of 1-T clamped SE(T) specimens         
(B=25.4 mm and conventional geometry with W=2.B) having a 
center cracked, square groove weld with different groove weld 
width and weld strength mismatch. The analyses matrix 
includes crack relative depths ranging from a/W = 0.1 to  a/W = 
0.7 with increments of  0.05, specimen relative lengths H/W = 
4, 6, 8 and 10 and weld groove widths 2h = 5, 10 and 20 mm 
for different mismatch conditions, as will be detailed next. The 
weld relative widths selected (0.056  h/b  0.667) are 
consistent with current field practice and the studies of Eripret 
and Hornet [24] for SE(B) specimens. The use of plane-strain 
analyses with conventional geometry is based on previous 
experience by the authors and results presented by Tobar and 
Ruggieri [23], which demonstrated that benefits of using 3D 
models or geometries with different W/B ratios is negligible for 
the  factors evaluation purposes intended here. 
 
Figure 2 illustrates the finite element models build for a/W = 
0.5, H/W = 6 and a center cracked, square groove weld. It can 
be realized that the mesh pattern near the crack tip allows 
several weld widths (2h) to be simulated using the same mesh, 
which benefits results comparability. The weld fracture 
specimen is modeled as bi-material with no transition region 
(the heat affected zone (HAZ) is not considered). All other 
crack models have very similar features. A conventional mesh 
configuration having a focused ring of elements surrounding 
the crack front is used with a small key-hole at the crack-tip; 
the radius of the key-hole, 0, is 2.5m (0.0025mm).  
Symmetry conditions permit modeling of only one-half of the 
specimen with appropriate constraints imposed on the 
remaining ligament. The half-symmetric model has one 
thickness layer of approximately 2900 8-node, 3-D tri-linear 
hexahedric elements (~ 5900 nodes). All the finite element 
models are loaded by displacement increments imposed on the 
loading points to enhance numerical convergence and to 
simulate plane-strain conditions each node had its degree of 
freedom parallel to the thickness of the specimen constrained. 
 
 
Figure 2 – Finite element model used in plane-strain 
analyses of a clamped SE(T) fracture specimens with a/W 
= 0.5, H/W = 6 and a center cracked, square groove weld. 
 
All models were processed using the research code WARP3D 
[25], which incorporates a Mises ( 2J ) constitutive model in 
both small-strain and finite-strain framework. J-integral results 
derive from a domain integral procedure [26] and presented 
strong path independence for domains defined outside the 
highly strained material near the crack tip.  was evaluated 
based on the 90º methodology [3] using a specially developed 
code supported by author’s previous experience [16] and 
validations conducted using results from Kirk and Wang [20], 
Kirk and Dodds [21] and Tobar and Ruggieri [23], which 
indicated an accurate numerical treatment for . 
 
MATERIAL CONSTITUTIVE MODELS 
 
The analyses utilize an elastic-plastic constitutive model with 
J2 flow theory and conventional Mises plasticity in small 
geometry change (SGC) setting. The numerical solutions 
employ a simple power-hardening model to characterize the 

























=≤= ;                        (7) 
where ys and ys are the yield stress and strain (0,2% offset), 
and n  is the strain hardening exponent. The transition between 
linear and power regimes is accomplished by a cubic fitting to 
avoid discontinuities. The material properties considered are 
typical of structural steels and are presented by Table 2. The 
mismatch condition is described by a parameter called here ML 
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2 involve undermatch (ML = 0.6, 0.8), evenmatch (ML = 1.0) 








=                (8) 
 
Hardening exponents for the weld metal are given by quadratic 
interpolation of mechanical properties considered 
representative of structural steels [1][9]: n=5 and E/ys=800 
(high hardening material), n=10 and E/ys=500 (moderate 
hardening material), n=20 and E/ys=300 (low hardening 
material). Estimation of uts needed to compute flow utilized in 
Eq. (5) considers constant volume assumption during plastic 
flow and the relationship between engineering and true stresses 





















σ  .           (9) 
 
Table 2 – Material properties adopted in the analyses of the 
mismatched welds. 
Mismatch Level Weld Base Plate 
ys [MPa] n ys [MPa] n 
40% Undermatch 247 4.7 412 10 
20% Undermatch 330 7.3 412 10 
20% Overmatch 494 12.8 412 10 
50% Overmatch 618 17.4 412 10 
100% Overmatch 824 25.5 412 10 
Evenmatch 412 10 412 10 
 
PLASTIC ZONE EVOLUTION AND EFFECTS OF WELD 
STRENGTH MISMATCH 
 
Figure 3 illustrates (based on plastic zones dimensions and 
shapes for same normalized loading: J/(b0)) the similarity 
between stress fields in the near-tip region of clamped SE(T) 
specimens (Figure 3a) and axially cracked pipes with same 
relative crack depth (Figure 3b). The clamped SE(T) specimen 
(Figure 3a) presents very similar plastic zone in terms of shape, 
but slightly larger than in the axially cracked pipe (Figure 3b). 
In both cases the plastic zone evolution follows a path with 
slope ~±45º to the loading axis, which is a direct result of 
tensile field. In contrast, Figure 3(c) presents an SE(B) 
conventional specimen under the same conditions, whose stress 
fields sharply contrast to fracture conditions found in pipes and 
pressure vessels. It can be realized here that for the same 
normalized loading, in fact SE(B) specimens provide larger 
constraint, reducing plasticity extension and providing larger 
severity for the defect if compared to pipes. The clamped SE(T) 
specimens, in spite of providing geometry-dependent fracture 
data, closely represent fracture conditions found in pipelines 
and pressure vessels, in this case with slightly less constraint. 
Pin-loaded SE(T) specimens [7] are also included here for 
comparison (Figure 3d), and shows that it precisely represents 
the same shape and size if compared to axially cracked pipes. 
Results from Cravero et. al. [7][8] support these conclusions 
based on the J-Q methodology.  
 
In addition, Figure 4 shows the effects of the presence of weld 
strength mismatch on the evolution of the plastic zone for 
clamped SE(T) specimens. First of all, looking exclusively to 
the weld metal, it is clear here that overmatch condition is 
capable of shielding the weld metal by shifting part of the 
plastic deformation to the base metal and reducing stress 
intensity near the crack-tip, which is highly desired from a 
mechanical viewpoint as mentioned in the introduction. 
Looking for the bi-material system including base metal and 
weld metal, interesting conclusions about plastic zone geometry 
emerge. If compared to the homogeneous (or equivalent 
evenmatch) condition (Figure 4b), undermatch condition 
presented by Figure 4(a) shows high plasticity concentration in 
the weld metal, with relatively small plasticity in the base 
metal. Exactly the opposite was found for the overmatch 
conditions shown by Figure 4(c) and the plastic deformation 
was significantly spread to the base metal. The same general 
trend was found by the authors in the evaluation of fracture 
process zones [4] and also for pin-loaded SE(T) specimens in 
the same mismatch conditions.  
 
ETA () AND m FACTORS FOR CLAMPED SE(T) 
SPECIMENS WITH DIFFERENT GEOMETRIES AND 
MISMATCH CONDITIONS 
 
Eta and m factors derive from the solution of Equations (4-5) 
based on the post-processing of the areas under the load vs. 
displacement curves. In these equation, the  factors can be 
understood as the slope of the evolution of Jpl vs. normalized 
Apl-i, as presented by Figure 5(a). Here, an extreme case of 
weld width, crack depth and mismatch is shown to illustrate the 
validity of the methodology using LLD data and clamped 
SE(T) specimens to determine J- factors for 50% 
overmatched specimens of   varying   geometries.  In all cases, 
excellent linearity was found with minimum R2=0.993. 
Analogous methodology is presented by Figure 5(b) for m 
estimation using numerical  results and CMOD data, where 
same linearity trend was found for all models with minimum 
R2=0.991. The values considered are taken using a least squares 
fit in the range ( ) 08.001.0 ≤⋅≤ ysbJ σ , covering real testing 
both for fracture toughness against brittle fracture and R-curves 
estimation [3]. 
 
In the sequence, Figures 6-7 present the main results selected 
from the developed analyses matrix to determine J-integral 
using homogeneous and mismatched clamped SE(T) specimens 
of varying geometries and mismatch conditions. The effect of 
geometrical features and mismatch conditions is the main 
interest of the present work, in order to allow accurate 
experimentation. This way, the most relevant results are 
presented and discussed next. 
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Figure 3 – Plastic zone in near-tip region for (a) clamped SE(T) made 
of base metal with H/W=6 and a/W=0.25, (b) axially cracked pipe with 
crack depth corresponding to 25% of the thickness, (c) SE(B) 1-T 
specimen with a/W=0.25 and (d) pin-loaded SE(T) with H/W=6 and 







Figure 4 – Effects of weld strength mismatch on stress fields and 
plastic zones in the near-tip region for clamped SE(T) specimens with 
H/W=6 and a/W=0.25. (a) 20% undermatch condition (ML=0.8), (b) 
evenmatch condition (ML=1.0) and (c) 50% overmatch condition 
(ML=1.5). Plastic zone is defined were ysMisesvon σσ ≥_ . 
 
First investigating specimen features, figures 6-7 reveal that 
H/W ratio has a very slight effect on both J- and J-V for 
clamped homogeneous and mismatched SE(T) specimens, 
occurring mainly for deep cracks. On the other hand, all 
analyzed data revealed a strong dependence of  factors on the 
relative crack depth (a/W). For J-, this dependency is 
essentially linear until a/W ~  0.30, followed by a downward 
trend. For J-V, this dependency is also linear until a/W ~  
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Evaluating now the main weldment features, J- factors in 
specimens containing narrow weld grooves (2h = 5 mm - 
Figures 6a and 6c) showed small sensitivity to mismatch level, 
with deviations under 18% even for cases of 100% overmatch, 
which are not common practice. For wider weld grooves 
(Figures 6b and 6d), on the other hand, J- factors are altered 
by mismatch, with relevant impact for overmatch conditions 
with ML  1.20 (deviations up to 33% were found). 
Undermatched welds present negligible impact on J- and in general do not significantly alter homogeneous procedures.   
 
The J-V factors for assessing J using CMOD data, in its turn, 
are similarly affected by weld geometry and mismatch levels. 
Figures 7(a-d) reveal that specimens containing narrow welds 
present small sensitivity to mismatch and containing wide weld 
grooves are more significantly influenced by mismatch level, 
with deviations up to 43% for deep cracks in overmatch 
condition.    
 
Figure 8 reports m factors for CTOD () experimental 
evaluation for the same conditions already discussed for  
factors. Here, a completely different context emerges. There is 
quite no influence of relative length (H/W) and also weld 
groove width (2h) on m factors. However, there is a remarkable 
influence of crack relative depth (a/W) and mainly a strong 
influence of mismatch (in both under and overmatch conditions 
in this case) on m factors, reaching up to 46% deviation if 
compared to homogeneous (equivalent to ML=1.0) results. To 
verify m values accuracy for  experimental evaluation, some 
selected results (including shallow and deep cracks) were used 
to predict the numerical CTOD vs. CMOD evolution, exactly as 
performed by Kirk and Wang [20], and maximum deviations 
were under 6% even for the very beginning of loading. 
 
All these findings call the attention for the importance of 
considering  and m factors obtained for different geometries 
and mismatch conditions, in order to support future accurate 
standards for J and CTOD estimation to assess structural 
integrity of pipelines and pressure vessels based on SE(T) 
specimens testing. All data including the complete analyses 
matrix could be fitted using polynomial multi-variable 
formulations with high accuracy. To identify the most relevant 
parameters and illustrate the procedures, are briefly reported 
here some fittings for H/W=6 and H/W=10 in the form 
 
Factor = 1+ 2*(2h)+ 3*(ML)+ 4*(a/W)+ 5*(2h)2+         
     +6*(ML)
2+ 7*(a/W)
2+ 8*(2h*ML)+ 9*(2h*a/W)+  
     +10*(ML*a/W)+ 11*(2h)
3+ 12*(ML)
3+ 13*(a/W)
3+   
     +14*(2h
2*ML)+ 15*(2h
2*a/W)+ 16*(2h*ML*a/W)+  




     +19*(ML*a/W
2) ,            (10) 
 
where Factor can be J-, J-V or m and the j coefficients are 




     
(b) 
Figure 5 – (a) J- factors estimation scheme based on the 
linear relationship between plastic J and normalized plastic 
area (using LLD data) and (b) m estimation based on  and 
CMOD data (elastic effects were considered negligible). 
 
Table 3 – j coefficients for J-, J-V and m factors estimation 
using H/W=6 clamped SE(T) specimens of varied ML, a/W and 
2h conditions. (Minimum R2=0.987) 
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Table 4 – j coefficients for J-, J-V and m factors estimation 
using H/W=10 clamped SE(T) specimens of varied ML, a/W and 
2h conditions. (Minimum R2=0.985) 
Factor 1 2 3 4 5 6 
J-V 0.8915 -0.0018 0.2816 0.2622 -0.0001 -0.3606 
J- -1.0019 -0.0013 0.6280 12.2117 -0.0002 -0.5169 
m 3.1162 0.0171 -2.5431 -0.2782 -0.0004 1.0656 
7 8 9 10 11 12 13 
-3.5565 0.0048 0.0113 0.6418 0.0000 0.1097 3.0518 
-26.3696 0.0062 0.0100 0.0451 0.0000 0.1378 17.1755 
0.1022 -0.0143 -0.0066 0.3717 0.0000 -0.1663 -0.9111 
14 15 16 17 18 19 20 
0.0002 0.0002 -0.0217 -0.0017 0.0013 -0.2301 0.0397 
0.0002 0.0002 -0.0067 -0.0053 -0.0131 -0.0904 0.1467 
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Figure 6 – J- factors for J experimental evaluation based on 
LLD data for varying geometries and mismatch conditions for 
(a) H/W=6 and 2h=5mm, (b) H/W=6 and 2h=15mm, (c) 









Figure 7 – J-V factors for J experimental evaluation based on 
CMOD data for varying geometries and mismatch conditions 
for (a) H/W=6 and 2h=5mm, (b) H/W=6 and 2h=15mm, (c) 
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Figure 8 – m factors for CTOD () experimental evaluation 
based on computed J for varying geometries and mismatch 
conditions for (a) H/W=6 and 2h=5mm, (b) H/W=6 and 
2h=15mm, (c) H/W=10 and 2h=5mm and (d) H/W=10 and 
2h=15mm. 
ETA METHOD RESULTS COMPARED TO 
ALTERNATIVE METHODOLOGIES 
 
All numerically obtained  factors presented high sensitivity to 
crack depth (a/W), and anomalous behavior for very shallow 
cracks (a/W ~0.25) and J-V factors (see Fig. 7b), which are based on CMOD data. This phenomenon called the attention for 
the possibility of inconsistency on the fundamental hypotheses 
of eta methodology: i) linear relationship between plastic J/ 
and normalized plastic area; ii) most part of the strain energy 
and plasticity confined in the remaining ligament; among 
others. First, Figure 5 showed that the linearity is undoubtly 
maintained even for very shallow cracks (a/W=0.1) and 
extreme mismatch cases. In addition, alternative J- factors for clamped SE(T) specimens were calculated using the EPRI 
method (supported by fully plastic solutions available in [3] for 
plane strain conditions) and are presented by Figure 9. It can be 
realized that for the analyzed homogeneous case all values, 
independent of a/W, are essentially similar. As an extra 
validation, an additional J- factor was numerically calculated based on the load separation (L.S.) method [4] (whose 
hypotheses are valid for deep cracks ~ 0.4a/W0.6) and 
results present very good agreement, providing confidence to 
the results. The authors believe that the limitations of using 
very shallow cracks exist but are related to the rapid loss of J-
dominance conditions in SE(T) specimens even for relatively 
low loadings (result of very low constraint, as found in tests 
conducted by the authors and in the literature [7]) and the 
relatively easy attainment of generalized plasticity of the 
specimens, demanding further investigation. Finally, for 
illustration purposes, some J- factors for pin-loaded SE(T) specimens were included in Figure 9 and demonstrate that it 
should be treated separately due to its different response. 
 
 
Figure 9 – Comparison between J- factors obtained using the eta, EPRI and load separation methods for 
clamped SE(T) specimens. Analogous results for pin-
loaded SE(T) specimens are included for comparison. 
CONCLUDING REMARKS 
 
This work addresses the effects of weld strength mismatch and 
different geometries on the experimental evaluation of J-
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could be realized that these specimens present quite similar 
near-tip conditions if compared to axially cracked pipes, with 
slightly less constraint. Pin-loaded SE(T), in its turn, presents 
even better description. This results support the use of 
geometry-dependent fracture resistance experimental data 
obtained from SE(T) specimens. Weld strength mismatch 
showed an important effect in shifting plastic deformation to or 
away from the weld metal, being overmatched conditions 
capable of mechanically shielding the weld metal in order to 
reduce the likelihood of failures. However, together with 
geometrical features, different mismatch levels strongly alter  
and m factors, potentially leading to experimental inaccuracies 
if present results are not taken into account. Even for the case 
of shallow cracked specimens (which are useful to assess the 
common surface shallow cracks found in real structures) 
deviations can overcome 45% for clamped SE(T) specimens 
and conduct to inaccurate J,  and also R-curves estimation. In 
some cases, even overmatchs under 20% are highly relevant for 
the procedures (for example,  estimation). In general the 
methodology showed consistency and comparison to the EPRI 
and load separation methods presented very good agreement. 
These results extend the knowledge about SE(T) specimens 
investigating clamped configuration and call the attention for 
the importance of considering  and m factors for different 
geometries and mismatch conditions, in order to support 
accurate pipelines and pressure vessels evaluation. This work 
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